The surface aggregates structure of dimethyldodecylamine-N-oxide (C 12 DAO) in three silica dispersions of different particle sizes (16 -42 nm) was studied by small-angle neutron scattering (SANS) in a H 2 O/D 2 O solvent mixture matching the silica. At the experimental conditions (pH 9) the surfactant exists in its nonionic form and the structure of the adsorbed layer is not affected by added electrolyte. It is found that C 12 DAO forms spherical surface micelles of 2 nm diameter on the 16 nm silica particles, but oblate ellipsoidal surface micelles are formed on the 27 and 42 nm particles. The dimensions of these oblate surface aggregates (minor and major semi-axes R n and R lat ) are similar to those of C 12 DAO micelles in the aqueous solutions. It is concluded that the morphological transition from spherical to ellipsoidal surface aggregates is induced by the surface curvature of the silica particles. A comparison of the shape and dimensions of the surface aggregates formed by C 12 DAO and C 12 E 5 on the 16 nm silica particles demonstrates that the nature of the surfactant head group does not determine the morphology of the surface aggregates, but has a strong influence on the number of surface aggregates per particle, due to the different interactions of the head groups with the silica surface.
Introduction
Surfactants play an important role in many industrial processes involving colloidal dispersions, as their adsorption onto the particles often leads to enhanced colloid stability. A structural characterization of this adsorbed layer is a prerequisite for gaining a better understanding of its mode of operation in stabilizing or flocculating dispersion. Adsorption isotherms of nonionic surfactants on hydrophilic (oxide) surfaces commonly exhibit a pronounced sigmoidal shape, i.e., a low-affinity initial region followed by a region in which the adsorption increases steeply and reaches a plateau near the critical micelle concentration (CMC) . 1 This behavior suggests that adsorption represents a surface aggregation similar to micelle formation in solution. Scanning probe microscopy (AFM) studies at planar surfaces indicated that either laterally uniform surfactant bilayers or small surface micelles may be formed, depending on the nature of the surfactant head group and the degree of hydrophilicity of the solid surface. 2 The nature of the surfactant layers adsorbed on colloidal particles in aqueous dispersions was studied by small-angle neutron scattering (SANS), which allows to highlight the adsorbed layer against a uniform scattering background by matching the colloidal particles with a partially deuterated aqueous solvent. 3, 4, 5, 6, 7 In the earlier of these studies the adsorbed surfactant was modeled as a laterally uniform layer, 3,4 but the existence of discrete micellar aggregates at the surface of the silica particles ('micelle-decorated silica beads') has been reported more recently. 5, 6, 7 Recently we reported that the surfactant penta(ethyleneglycol) monododecyl ether (C 12 E 5 )
is adsorbed in the form of individual spherical surface aggregates on silica nanoparticles of 16 nm diameter, 7 in agreement with earlier findings for the surfactant Triton X-100 on Bindziltype silica particles of similar size. 5, 6 This finding is remarkable in view of the fact that C 12 E 5 prefers aggregates of lower mean curvature, viz., worm-like micelles in aqueous solutions, 8, 9 and a laterally homogeneous bilayer on planar hydrophilic silica surfaces. 2a We conjectured that the preference for small surface micelles is a consequence of the high surface curvature of the silica nanoparticles, which prevents an effective packing of the hydrophobic tails in an adsorbed bilayer, whereas a favourable packing of the tails is possible in a spherical micelle.
In order to test this concept and to find out to what extent the structure of the adsorbed layer at the surface of the silica nanoparticles depends on the size and chemical nature of the surfactant head group it was of interest to extend this study to a different class of nonionic surfactants. On the other hand, it was of interest to study the influence of size of the silica nanoparticles on the surface aggregate structure of the surfactant.
The present study was performed with dimethyldodecylamine-N-oxide (C 12 DAO), an amphoteric surfactant that exists in a zwitterionic (net non-ionic) form at pH above 7, but in a cationic form at low pH due to a protonation of the head group. C 12 DAO has a much smaller head group of less hydrophilic character than C 12 E 5 . 10 Phase diagrams, thermodynamics and self-assembly structures of aqueous systems of alkyl dimethylamine oxides have been extensively studied, 11 and the interaction of alkyl DAO systems with hydrophilic and hydrophobic surfaces was investigated by adsorption calorimetry 12,13a and streaming potential measurements. 13b Based on the adsorption enthalpy results, Pettersson and Rosenholm 13a concluded that the adsorption mechanism at the solution/silica interface of C 12 DAO in its nonionic form is different from that in the protonated form, and they speculated that in the nonionic form C 12 DAO forms ellipsoidal aggregates; while in the protonated form C 10 DAO and C 12 DAO are likely to form spherical surface micelles. The conclusion about the formation of spherical surface micelles by C 10 DAO on silica was consistent with the sorption enthalpy results of Király and Findenegg. 12 However, in neither of these studies direct information about the surface aggregate structures was obtained. In the present work we use SANS to clarify the structure of the adsorbed layer of C 12 DAO on silica nanoparticles of three different sizes (16 to 42 nm diameter), with a focus on the effect of particle size on the type of surface aggregate formed.
Experimental Section

Materials
N,N-Dimethyldodecylamine-N-oxide, C 12 DAO (Fluka, purity ≥ 98%), tetraethyl orthosilicate, TEOS (Fluka, purity ≥ 99.0%), ammonia (Sigma-Aldrich, A.C.S. reagent, 30-33% in water), Ethanol, C 2 H 5 OH (Berkel AHK, purity ≥ 99.9%), and D 2 O (Euriso-top, 99.9% isotope purity), were used without further purification. Reagent-grade water was produced by a Milli-Q 50 filtration system (Millipore, Billerica, USA) and additionally passed through a 0.22 µm membrane to remove micrometer-sized particles. The colloidal silica suspensions, Ludox SM-30 (30 wt-% in water) and Ludox HS-40 (40 wt-% in water) were supplied by Sigma-Aldrich.
They were dialyzed with reagent-grade water (2 weeks) and filtered with a 0.8 µm Millipore
Steril Filter. The silica concentration in the purified suspensions was about one half of the original concentration. Their pH was adjusted to 9 to preserve colloidal stability.
Sample Preparation
Preparation and Characterization of silica nanoparticles. Three samples of monodisperse silica nanoparticles were prepared by two variants of the Stöber synthesis. 14 Silica I (diameter 16 nm) and silica II (27 nm) were made by particle growth from Ludox SM-30 and Ludox HS-40 dispersions, respectively, using the procedure described earlier. 7 Silica III (diameter 42 nm) was prepared by condensation of TEOS starting from a mixture of 100 mL ethanol and 7.5 mL ammonia at 60 °C, and 3.0 mL TEOS was added dropwise in a 250 mL three-neck round flask equipped with a magnetic stirrer and reflux-condenser. Particle growth was allowed to continue for 24 h at 60 °C. The excess of ethanol and ammonia was then removed from the resulting suspension in a rotary evaporator (40°C, 160 mbar) by reducing the volume to 20% of the initial value. The suspension was dialyzed with reagent-grade water for 1 week, filtered and stored at pH 9 in a refrigerator at 280 K.
Sample preparation for SANS. Dilute silica dispersions (0.4 to 1.5 vol.-%) in a contrastmatching H 2 O/D 2 O mixture of scattering length density ρ = 3.54x10 10 cm -2 were prepared for the SANS measurements, as determined experimentally in the earlier work. 7 The total surface area of silica in the samples was obtained from the mass fraction of silica in the dispersions (determined gravimetrically) and the specific surface area a s of the silica. Samples with different adsorbed amounts of C 12 DAO, were prepared by adding appropriate amounts of the surfactant directly to the aqueous dispersion. The adsorption isotherm of C 12 DAO on Davisil silica gel reported by Pettersson and Rosenholm 13a was used to estimate the amounts of surfactant needed for a given surface concentration on the silica particles. According to that work, a plateau value Γ mx = 7.5 µmol m -2 is reached at a solution concentrations somewhat above the CMC (~ 2 10 -3 M), and the surface concentration at the CMC is about ⅞Γ mx . This value was chosen as the highest surface concentration of the surfactant on the silica particles, to avoid free micelles in the solution. All samples were kept at pH 9 to minimize particle aggregation.
Methods
Small-angle neutron scattering. Experiments were carried out on the spectrometer PAXY (Laboratoire Léon Brillouin, Saclay, France). Scattering profiles were taken in a range of the scattering vector q from 0.03 to 3 nm -1 using three wave-length/sample-to-detector distance Zeta Potential. Zeta potential measurements were carried out with a Malvern Zeta-Sizer 2000 using the diluted silica particle dispersions at pH 9 and at 298 K.
Results and Discussion
Characterization of the silica sols
The silica samples were characterized by transmission electron microscopy (TEM), smallangle neutron scattering (SANS), zeta potential and nitrogen adsorption measurements. TEM images indicate that silica I and II, which were obtained by silica deposition on Ludox, have a wider size distribution than silica III, which was prepared by direct Stöber synthesis ( Figure   1 ). The average particle radius, R TEM , and its standard deviation, SD TEM , were determined by Gaussian fits to the histograms in Fig. 1 (see Table 1 ). The silica particles prepared by overgrowth of Ludox (silica I and II) have a higher zeta potential than silica III at pH 9 (see Figure 2 . In this case I(q) reflects the form factor of the particles.
It is characterized by a Guinier regime at low values of the scattering vector q, a characteristic oscillation at q ≈ 0.4 nm -1 which relates to the radius of the silica particles, and a Porod-law behaviour, I(q) ~ P⋅q -4 at high q. The entire scattering profile can be represented by the form factor of spheres with log-normal size distribution, characterized by a radius R S and polydispersity σ. 16 Values of R S and σ, average radius <R S >, average surface area <A S > and average volume <V S > of the particles are given in Table 2 . The scattering profiles of all three silica sols, fits with the log-normal size distribution of spheres, and details of the data analysis are given in the Supporting Information (SI).
The specific surface area a s of the silicas was determined from the nitrogen adsorption isotherms by the BET method. ) are given in Table 3 . Values of a s /a geom between 1 and 2 are obtained, increasing with the particle radius. This trend indicates that the surface roughness of the particles increases with size. Silica I (a S /a geom = 1.14) has a very low surface roughness, while the value a S /a geom = 1.85 for silica III indicates significant roughness (surface corrugations at a periodicity l ≈ 1 nm and profile depth d ≈ l). Alternatively, the result for silica III may be explained by a moderate degree of microporosity.
SANS study of adsorbed C 12 DAO layer
Scattering profiles I(q) for C 12 nonlinear least-squares fitting of the scattering data to appropriate structure factor models was employed in order to extract information about the size and shape of the surface aggregates.
Geometric Modelling.
A model-free analysis of the Guinier and Porod regimes of I(q) in terms of the dry volume, layer thickness, and volume-based surface area of the adsorbed surfactant was performed as a basis for simple geometrical models of the surface aggregates.
The Guinier expression I(q) = I 0 exp(-R g 2 q 2 /3) can be used to fit the data in the low-q region. For example, for silica II (R G = 15.8 nm) we find a radius of gyration R g = 17.3 nm at the highest surface concentration (⅞Γ mx ). In the contrast-match scenario of our experiment, R g must have a value between the silica radius R G and R G + δ, depending on the surfactant density profile. Assuming for simplicity that R g is half-way between these two values, a typical layer thickness of the adsorbed surfactant is δ = 2· ( nm -2 is the scattering contrast between surfactant and background. From V dry and the mean particle radius <R S > (Table 2 ) one can determine the effective layer thickness δ of dry surfactant. Values of V dry and δ derived from the SANS data in this way are given in Table 4 .
They are compared with values estimated from the adsorption isotherm of Pettersson, 13 using the mass densities 0.88 g cm -3 (pure C 12 DAO) and 2.20 g cm -3 (silica), and the values of the mean surface area per silica particles <A S > (Table 2) . Reasonable agreement between the two sets of values is found for most samples, but large deviations appear for the sample with silica III. The results in Table 4 indicate that at surface concentrations up to ½Γ mx , the effective layer thickness δ is significantly smaller than the extended tail length of C 12 DAO (l c = 1.67 nm) 18 while at surface concentrations above ½Γ mx , the layer thickness approaches l c . This suggests the existence of either a monolayer (which is physically implausible at hydrophilic surfaces) or patches of bilayer. 19 Simple geometric modeling based on surface area and volume of adsorbed surfactant (from the Porod constant and I 0 , respectively) indicates that these patches must have dimensions close to micelles. The possibility of discrete surface micelles as reported recently 5, 6 ,7 thus appears plausible. On the assumption that the volume of such surface micelles is similar to that of micelles in solution, the number of surface micelles N mic can be estimated by dividing the dry volume of adsorbed surfactant by the volume of a free micelles. Values of N mic obtained in this way are given in Table 4 .
Core-shell model
The spherical core-shell model 3,7,20 was adopted to see if the scattering profiles are consistent with a laterally homogeneous surfactant layer. Three different values of the layer thickness (1.6, 3.2, and 4.0 nm) were tested in the modeling of the data for high surface concentrations of C 12 DAO: The first value corresponds to the effective thickness, δ eff , as obtained for high surface concentrations from the simple geometric analysis (Table 4) ; the second value is the expected bilayer thickness, i.e. twice the monolayer thickness, and the third value represents the mean thickness of a bilayer of C 12 E 5 at the surface of silica I. 7 A fit of the data for the surface concentration ⅞Γ mx on silica II with the three values of layer thickness is shown in Figure 4 . In these fits the polydispersity in radius of the silica particles is taken into account as explained in our earlier work. 7 The fits based on the expected layer thickness δ (3.2 nm) or a greater thickness (4.0 nm) exhibit similar features as noted in the preceding studies with the surfactants Triton X-100 The shortcomings of the core-shell model suggest that the adsorbed surfactant does not form a laterally uniform layer but smaller surface aggregates, such as spherical or ellipsoidal surface micelles, which have a higher surface area at a given total adsorbed volume.
Accordingly, models of silica particles decorated with such small surface micelles were applied to the present data, as described below.
Micelle-decorated silica model
In previous publications 5, 6, 7 we have developed and applied a form factor model for objects made of small spherical micelles adsorbed on an indexed-matched silica bead. Parameters of the model are the radius of the silica bead R S , the radius of spherical surface micelles R mic , and number of surface micelles N mic per silica particle, as well as a polydispersity parameter.
Polydispersity of the silica bead is accounted for by performing the calculation for silica radii drawn from a distribution function, and averaging. For a given silica bead of radius R S , the micelle centers are supposed to sit on a spherical shell of radius R S + R mic . The excluded volume of the spherical micelles is determined by their radius R mic , which also acts as a lateral interaction parameter for spheres. It is assumed that the number density of spheres in the layer is independent of bead radius and that N mic corresponds to the number of micelles on a bead of average radius. The algorithm consists of the following steps: (i) positioning the micelles in a random manner on the shell, possibly allowing for lateral reorganization following a Monte Carlo motion; (ii) calculation of the micelle-micelle structure factor using the Debye formula;
(iii) calculation of the scattered intensity in absolute units; and (iv) convolution with the resolution function of the spectrometer. , and the number density of silica beads,
, by the relation
The number and dimensional parameters of surface aggregates of different morphologies were estimated from the real volume, V tot , and total surface area, A tot , of adsorbed surfactant.
The dimensional parameters of surface aggregates of given shapes depend strongly on the layer thickness δ used to calculate V tot . At first we assumed the formation of isolated spherical aggregates of radius R mic and number of micelles N mic . In most cases a fits with a layer thickness δ = 4.0 nm (i.e., a value similar to that found by the Guinier approximation, Section 3.3) gave a somewhat better fit than with δ =3.2 nm, although the difference was within a 5% in most cases. Results for fixed δ = 4.0 nm are summarized in C 12 DAO on silica I. Figure 5 shows the scattering data for C 12 DAO on silica I at the surface concentrations ¾Γ mx and ⅞Γ mx , and fits with the micelle-decorated silica model. In this case, a good fit of the scattering profile was obtained by assuming that C 12 DAO is adsorbed in form of isolated spherical surface micelles of radius R mic = 2.0 nm. The good representation of the data in the high-q region supports the conjectured uniform size of the surface aggregates, and the fit of the data at intermediate q indicates that the increasing amplitude of the maximum at q max can be explained by an increasing number of surface aggregates as the surface concentration is increased (cf. Table 5 ). Some deviations between the experimental and predicted I(q) appear in the q regime just below q max , where the model somewhat overestimates the total volume of the adsorbed surfactant aggregates (see Fig. 5 ).
The strong increase of I(q) at the lower end of the experimental q range is a hint of a maximum in I(q) at lower q, which was not captured because measurements at smaller angles were not performed for this silica. Such a maximum indicates repulsive interaction between the silica beads coated with small surface aggregates of C 12 DAO. The quality of the fit of the low-q region could not be improved by decreasing N mic , the number of surface micelles, at fixed radius R mic = 2.0 nm (cf. Table 5 ), since this implies a decrease in the surfactant volume fraction in the layer and thus lowers the amplitude of the maximum at q max , which is inconsistent with the experimental I(q). Similarly, no better fit was found when R mic was increased at a fixed value of N mic .
C 12 DAO on silica II and III. The scattering data for C 12 DAO on silica II and III were also analysed in terms of the model of spherical surface aggregates. However, for these silicas reasonable fits with spherical surface micelles could be obtained only by adopting unrealistic values of the micelle radius R mic . Specifically, with silica II a surface micelle radius R mic = 0.85 nm was obtained for low surface concentrations (¼Γ mx , and ¼Γ mx ) and an even lower value (R mic = 0.66 nm) for higher surface concentrations (¾Γ mx , and ⅞Γ mx ). These values of R mic are physically unrealistic as they are less than half the length of an extended surfactant molecule. For this reason, model calculations similar to those described above were also made for surface aggregates of different geometries, viz., patch-like, ellipsoidal and wormlike micelles. The most acceptable morphology was oblate ellipsoids, with now two structural parameters, R n and R lat , which also define the orientation of the micelle on the surface: the minor semi-axis R n is the axis in the direction perpendicular to the surface and defines the height of the micelle center above the silica surface. The major semi-axis R lat characterizes the lateral extension of the oblate surface micelles on the surface. It is assumed that the surface aggregates interact only through excluded volume interactions. The positioning of the micelles is then performed as with the spherical micelles, and again the Debye formula is employed to determine the micelle-micelle structure factor.
A subtlety of this procedure is that at first sight it seems to be incorrect, as it uses the formalism of separation into form factor and structure factor which is valid only for monodisperse objects of spherical symmetry. We show in the Appendix that it can be used in our case to calculate the scattered intensity, as before with resolution function.
The evidence for non-spherical surface micelles of C 12 DAO on silica nanoparticles (Table 5 ) are similar to those found in the simple geometric analysis (Table 4) .
To gain a better understanding of the way in which the calculated scattering function is influenced by the structural parameters R n and R lat we have varied them in a systematic manner, keeping one of them (and N mic ) fixed and varying the value of the other in a range from 0.5 to 3.5 nm, as shown in Figure 7 for the scattering profile of ⅞Γ mx of C 12 DAO on silica II. Figure 7a shows the effect of a variation of R n , at fixed R lat = 2.2 nm and N mic = 94.
As can be seen, R n is directly related to the size of the ellipsoidal aggregates because decreasing its value to 0.5 nm or increasing its value to 3.5 nm causes a shift of q max to higher or lower values. R lat is related to the ordering of the micelles on the surface. This is indicated in Fig. 7b by the fact that a decrease of R lat from 2.2 to 0.5 nm causes a deformation of the size of the surface aggregates as their shell is no longer well defined. By increasing R lat to 3.5 nm a strong oscillation appears at q ≈ 1.3 nm 
Discussion
Influence of surfactant head group
Aggregate structures of surfactants in solution can often be predicted on the basis of the critical packing parameter 0 / a l V c , which expresses the preferred interface curvature of the aggregate in terms of molecular parameters alkyl chain volume V, the alkyl chain length c l and the head group area 0 a . 21 C 12 DAO in its cationic form at low pH is expected to have a higher effective head group area than in its nonionic form at high pH where the absence of electrostatic head group repulsion allows a closer packing of the head groups. Hence it should be possible to study the effect of head group size on the shape of surface aggregates simply by changing pH. However, this is not possible in the present case because pH has to be fixed near pH 9 to prevent flocculation of the silica dispersion. We have checked that added electrolyte has no effect on the morphology of the adsorbed layer of C 12 DAO (Figure 3) under the experimental conditions, as expected for nonionic surfactants. It would be of interest to study the effect of electrolyte on the surfactant aggregates in the cationic form of the surfactant, but again this is not possible at the given pH of the system.
In our earlier study, 7 spherical surface aggregates were observed for the surfactant C 12 E 5 on silica I, in line with the large head-group size of this molecule. Since C 12 DAO has a much smaller head group than C 12 E 5 , one expects that surface aggregates of smaller curvature are preferred for this surfactant. This conjectured behavior is indeed found for C 12 DAO on silica II and III, where we find oblate-shaped surface aggregates. On the other hand, spherical surface aggregates of C 12 DAO are found on silica I, and they have similar dimensions as those of C 12 E 5 on silica I. These findings suggest that the head group size (or packing parameter) of the surfactant is not the dominating factor for the shape of surface aggregates on the silica particles. However, the nature of the surfactant head group may have a pronounced influence on the number of surface aggregates per particle (N mic ). This is suggested by a comparison of the results for C 12 DAO on silica I with the earlier results for C 12 E 5 on the same silica. 7 For instance, at a surface concentrations ¾Γ mx we find N mic = 36 for C 12 DAO (Table 4) , but N mic = 72 for C 12 E 5 . 7 The larger number for C 12 E 5 may be attributed to its ability to form more than one strong hydrogen bond to surface silanol groups. However, other factors may also affect the number of surface aggregates, as is suggested by the fact that rather small numbers of surface aggregates (N mic up to 15) were found in the study of Triton X-100 (a technical-grade alkylphenyl polyoxyethylene surfactant) on a commercial silica sol (Bindzil B30). Since Triton X-100 is similar to C 12 E 5 and the mean particle size of Bindzil B30 (R S = 7.7 nm) is similar to that of silica I, the large difference in N mic between these two systems is not clear.
Influence of nanoparticle size
An interesting finding of this study is the morphological transition from spherical to ellipsoidal shape of the surface aggregates. This transition must be caused by some property of the silica particles, either their surface chemistry or surface roughness, or the particle size.
Since silica I and silica II were prepared by the same method, their surface properties are similar, as indicated by the similar zeta potentials (Table 1) and surface roughness (a s /a geom in Table 3 ) of these two samples, when compared to silica III. Because the transition in surface aggregate shape occurs from silica I to silica II, we may conclude that it is not induced by changes in surface properties but by the increase in particle size. In the preceeding study 7 we conjectured that the formation of spherical surface aggregates of C 12 E 5 on silica I was caused by the high surface curvature of the silica nanoparticles, which prevents an effective packing of the hydrophobic tails of the molecules in a bilayer configuration. This argument may be generalized by noting that the formation of surface aggregates at concentrations below the CMC depends on favorable interactions of the surfactant heads with the solid surface, and that the morphology of the surface aggregates will be determined by a balance of amphiphileamphiphile (A-A) and amphiphile-surface (A-S) interactions. At weakly convex surfaces (large silica particles), micellar aggregates of relatively low mean curvature can have favourable A-S interactions without significant changes in aggregate structure, i.e. without sacrificing A-A interaction energy. This appears to be the situation for the oblate-shaped surface micelles of C 12 DAO on silica II and silica III. On the other hand, at highly convex surfaces (small silica particles), optimization of the A-A and A-S interactions may favor smaller surface aggregates, if that leads to a larger number of surface contacts per unit area of the solid particle -even at the cost of a higher A-A bending energy. This seems to the situation for C 12 DAO on silica I. The transition from spherical to oblate shape of the surface aggregates can then be seen as a relaxation from a strained to an unstrained curvature of the surface aggregates, since oblate micelles represent the favored aggregate shape of C 12 DAO in the bulk solution. The present work suggests that this morphological transition occurs at a particle radius R S ≈ 10-12 nm, i.e. R mic /R S ≈ 0.2. To our knowledge, no theoretical model for this morphological transition exists in the literature, but such a model would be most valuable for gaining a better understanding of this phenomenon. i.e., they do not contribute to the signal. Scattering from interacting spherical micelles can be factorized in a product of form and structure factor:
Conclusion
where P(q) is the form factor related to the scattering amplitude F(q), which is the Fourier transform of the scattering length density distribution, by The last equality is a direct consequence of spherical symmetry, the average being (also) a rotational one. 
In order to see if the simpler factorization can be used, it is thus necessary to calculate but differences appear at q > 1.5 nm -1 due to stronger oscillations of the square of the average of the amplitude F(q). One thus has to discuss the low-q and high-q regions separately:
-At low q, the two functions are the same, and equation (A3) reduces to (A1).
-At high q, the structure factor tends to one, and equation (A3) reduces to the measured form
Given that the maxima of S(q) in our experimental case are located well below 1 nm -1 , and
Porod surface (i.e. form factor) scattering is observed above 1.5 nm -1 , it is clear that S(q) = 1 in this high-q range. Thus, equation (A1) can be safely used with the experimentally measured form factor for ellipsoidal micelles of typical size 1.5 to 2.5 nm, adsorbed and interacting on the surface of an indexed-matched silica sphere of much larger radius. Limits of this approach may be a weaker separation in length scales, e.g. caused by a very high surface density of ellipsoidal micelles, which is not the case here. Note that we have applied such calculations to the similar case of interacting cylindrical (albeit non adsorbed) micelles.
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